. (Strenkowska et al., 2012) Table S4 . HRMS spectra of final compounds 1, 2, 3a-d, 4a-c, 5a-b, 6a-b, 7a- Figure S1 . In vitro hydrolysis of capped oligonucleotides by SpDcp1/2.
All transcripts were synthesized from an EcoRI-cut pSP-luc+ template with T7 polymerase in the presence of various cap dinucleotides. After treatment with SpDcp1/2 for the indicated times, samples were loaded on a 15% RNA sequencing gel as described in Materials and Methods. (A) All tested transcripts were treated with 50 nM SpDcp1/2. Samples in lanes labeled "-" did not receive SpDcp1/2. (B) The most stable transcripts were treated with 200 nM SpDcp1/2. 
SUPPLEMENTAL EXPERIMENTAL PROCEDURES General information on the synthesis
Commercially available solvents and reagents were purchased from Sigma Aldrich and used without further treatment unless otherwise specified. Reagents including: 2-cyanoethylphosphate phosphorimidazolide lithium salt (8) S-2-cyanoethylphosphate phosphorimidazolide lithium salt (9) and m 7 GMP (10), m 2 7,2'-O GMP (11), m 7 GDP (12) or m 2 7,2'-O GDP (13), guanosine 5'-O-thiophosphate (17) and Guanosine 5'-O-(P2-thiodiphosphate) (18) TEA salts were synthesized as previously (Kowalska et al., 2008) (Strenkowska et al., 2010) (Strenkowska et al., 2012) . Nucleotide phosphorimidazolides m 7 GMP-Im (12), m 2 7,2'-O GMP-Im (14), m 7 GDP-Im (15) or m 2 7,2'-O GDP-Im (16) were prepared according to Mukaiyama and Hashimoto (Mukaiyama and Hashimoto, 1971) Products (except P-imidazolides) were purified using ion-exchange chromatography on DEAE-Sephadex A-25 (HCO3-form) column. . A column was loaded with reaction mixture and washed through with excess of water to remove metal (II) salt/EDTA complex. Then, the nucleotides were eluted using a linear gradient of triethylammonium bicarbonate (TEAB) in deionized water. Optical measurements for m 7 G mononucleotides were performed in 0.1 M phosphate buffer pH = 6 at 260 nm assuming ε 260 = 11400 cm -1 M -1 . For guanine nucleotides and dinucleotide cap analogs measurements were conducted in 0.1 M phosphate buffer pH = 7 at 260 nm, assuming ε 260 = 12080 cm -1 M -1 and ε 260 = 22600 cm -1 M -1 , respectively.
Analytical HPLC was performed on an Agilent Technologies 1200 Series using a Supelcosil LC-18-T HPLC column (4.6 × 250 mm, flow rate 1.3 mL/min) with a linear gradient 0-25% of methanol in 0.05 M ammonium acetate buffer (pH 5.9) over 15 min (Method I) , using UV-detection at 260 nm and fluorescence detection (excitation at 260 nm and detection at 370 nm). Semi-preparative HPLC was performed on the same apparatus equipped with a Discovery RP Amide C-16 HPLC column (25 cm × 21.2 mm, 5 μm, flow rate 5.0 mL/min) with linear gradient 0-15% of acetonitrile in 0.05 M ammonium acetate buffer (pH 5.9) (Method II).
The structure and homogeneity of each final product was confirmed by RP HPLC, high resolution mass spectrometry HRMS (ESI-) and 1 H NMR and 31 P NMR spectroscopy. Mass spectra were recorded with a high resolution LTQ Orbitrap Velos (Thermo Scientific). NMR spectra were recorded at 25ºC on a Varian UNITY-plus spectrometer at 399.94 MHz ( 1 H NMR) and 161.90 MHz (31P NMR). 1H NMR chemical shifts were reported to sodium 3-trimethylsilyl-[2,2,3,3-D4]-propionate (TSP) in D2O as an internal standard.
31 P NMR chemical shifts were reported to 20% phosphorus acid in D 2 O as an external standard. The raw NMR data were processed using ACD/Labs 12.0 Software.
The reactions involving microwave irradiation were conducted in heavy-walled glass 10-mL pressurized vials and CEM's proprietary "snap-on" caps. The microwave heating was performed in a CEM Discover single-mode microwave cavity, using dynamic power mode with maximum power of 10 W and at 45 ± 1 °C and at 2450 MHz. The reaction mixtures were stirred with a magnetic stir bar during the irradiation. The temperature, pressure and power were monitored during the course of reactions using the provided software (standard infrared temperature sensor)
Synthetic procedures
Guanosine 5'-O-(P1,P2-dithiodiphosphate), p S p S G (1). 1 2 was synthesized based on the method described in (Strenkowska et al., 2012) : Guanosine 5'-O-phosphorothioate (TEA salt, 55 mg, 1445 opt.mu, 0.120 mmol) was placed in a 10 ml microwave tube and suspended in 1.2 mL of DMF. Then P-imidazolide of S-(2-cyanoethyl)-phosphorothioate, (Na salt, 80 mg, 0.360 mmol) and anhydrous MgCl 2 (90 mg, 0.96 mmol) were added to the suspension. The tube was heated for 30 min in the microwave oven using dynamic power mode (parameters: P max = 10 W and T max = 45 ± 1 o C). Then, 1.2 mL of DMF, DBU (0,34 mL, 0.120 mmol) and DTT (158 mg, 0.360 mmol) were added to the mixture to remove the 2-cyanoethyl group. The tube was again heated in the microwave oven using the same parameters as given above (deprotection time: 15 min). The reaction was stopped by addition of 1% acetic acid to pH =8, diluted with water and washed with ethyl acetate. Product was purified on DEAE-Sephadex and isolated as TEA salts. Yield: 25 mg, 430 opt.mu; 30%. Guanosine 5'-O-(P2,P3-dithiotriphosphate), p S p S pG (2). 2 was synthesized based on the method described in (Strenkowska et al., 2012) : Guanosine 5'-O-(P2-thiodiphosphate) (TEA salt, 65 mg, 6400 opt.mu, 0.53 mmol) was placed in a 10 ml microwave tube and suspended in 3.5 mL of DMF. Then P-imidazolide of S-(2-cyanoethyl)-phosphorothioate, (Na salt, 355 mg, 1.60 mmol) and anhydrous MgCl 2 (400 mg, 4.24 mmol) were added to the 3 4 suspension. The tube was heated for 30 min in the microwave oven using dynamic power mode (parameters: P max = 10 W and T max = 45 ± 1 o C). Then, 2.5 mL of DMF, DBU (1,5 mL, 0.53 mmol) and DTT (264 mg, 1.60 mmol) were added to the mixture to remove the 2-cyanoethyl group. The tube was again heated in the microwave oven using the same parameters as given above (deprotection time: 15 min). The reaction was stopped by addition of 1% acetic acid to pH =8, diluted with water and washed with ethyl acetate. Product was purified on DEAE-Sephadex and isolated as TEA salts. Yield: 111 mg, 1507 opt.mu, 24%. 
Guanosine 5'-O-[P1,P2-dithio-P3-(N7-guanosinyl)-triphosphate], m 7 Gpp S p S G (3).
Guanosine 5'-O-(P1,P2-dithiodiphosphate) p S p S G (1) (TEA salt, 90 mg, 1775 opt.mu, 0.147 mmol) was placed in a 10 mL microwave tube and suspended in 2 mL of DMF. Then P-imidazolide of N7-methylguanosine 5'-O monophosphate m 7 GMP-Im (Na salt, 77 mg, 2010 opt.mu, 0.176 mmol) and anhydrous MgCl2 (132 mg, 1.4 mmol) were added to the suspension. The tube was heated for 10-30 min in the microwave oven using dynamic power mode (parameters: Pmax = 10 W and Tmax = 45 ± 1 o C). The reaction was diluted with 20 mL of MQ water. Products were purified on DEAESephadex and isolated as TEA salts. Yield: 53 mg, 1355 opt.mu, 0.060 mmol, 41%. Diastereoisomeres D1(3a), D2 (3b), D3 (3c) and D4 (3d) were later separated on semi-preparative RP HPLC and after repeated freeze-drying, were isolated as ammonium salts. 7,2'-O GMP-Im (Na salt, 113 mg, 2373 opt.mu, 0.21 mmol) and anhydrous MgCl 2 (150 mg, 1.58 mmol) were added to the suspension. The tube was heated for 60 min in the microwave oven using dynamic power mode (parameters: Pmax = 10 W and Tmax = 45 ± 1 o C). The reaction was diluted with 20 mL of MQ water. Products were purified on DEAE-Sephadex and isolated as TEA salts. Yield: 65 mg, 1220 opt.mu, 0.054 mmol 40%. Diastereoisomeres D1D2mix(4a), D3 (4b) and D4 (4c) were later separated on semi-preparative RP HPLC and after repeated freeze-drying, were isolated as ammonium salts. 7,2'-O GMP-Im (Na salt, 76 mg, 1900 opt.mu, 0.167 mmol) and anhydrous MgCl 2 (127 mg, 1.34 mmol) were added to the suspension. The tube was heated for 80 min in the microwave oven using dynamic power mode (parameters: P max = 10 W and T max = 45 ± 1 o C). The reaction was diluted with 10 mL of MQ water. Products were purified on DEAE-Sephadex and isolated as TEA salts. Yield: 111 mg, 933 opt. mu, 0.041 mmol, 37%. Diastereoisomers D1D2mix(5a), D3D4 mix (5b) were later separated on semi-preparative RP HPLC and after repeated freeze-drying, were isolated as ammonium salts. Guanosine 5'-O-(P1,P2-dithiodiphosphate) p S p S G (1) (TEA salt, 55 mg, 1100 opt.mu, 0.090 mmol) was placed in a 10 mL microwave tube and suspended in 1 mL of DMF. Then P-imidazolide of N7-methylguanosine 5'-O diphosphate m 7 GMP-Im (Na salt, 56 mg, 1240 opt.mu, 0.109 mmol) and anhydrous MgCl 2 (82 mg, 0.87 mmol) were added to the suspension. The tube was heated for 40 min in the microwave oven using dynamic power mode (parameters: P max = 10 W and T max = 45 ± 1 o C). The reaction was diluted with 10 mL of MQ water. Products were purified on DEAE-Sephadex and isolated as TEA salts. Yield: 500 opt.mu, 0.022 mmol, 24%. Diastereoisomeres D1D2 mix (6a) and D3D4mix (6b) were later separated on semi-preparative RP HPLC and after repeated freeze-drying, were isolated as ammonium salts. 7,2'-O GDP-Im (Na salt, 41 mg, 1790 opt.mu, 0.157 mmol) and anhydrous MgCl 2 (118 mg, 1.26 mmol) were added to the suspension. The tube was heated for 90 min in the microwave oven using dynamic power mode (parameters: P max = 10 W and T max = 45 ± 1 o C). The reaction was diluted with 10 mL of MQ water. Products were purified on DEAE-Sephadex and isolated as TEA salts. Yield: 880 opt.mu, 0.040 mmol, 38% Diastereoisomeres D1D2 mix (7a) and D3D4mix (7b) were later separated on semi-preparative RP HPLC and after repeated freeze-drying, were isolated as ammonium salts. 
